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ABSTRACT

Objective: To compare odor identification function in patients with peripheral or central autonomic
neurodegeneration and in patients with intact autonomic neurons but undetectable norepinephrine.

Methods: Olfactory function was evaluated with the University of Pennsylvania Smell Identifica-
tion Test (UPSIT) in 12 patients with pure autonomic failure, 10 patients with multiple system
atrophy, and 4 patients with dopamine �-hydroxylase deficiency. Blood pressure and catechol-
amine data were also compared.

Results: Odor identification was significantly impaired in patients with pure autonomic failure rel-
ative to patients with multiple system atrophy or dopamine �-hydroxylase deficiency. Out of 40
odors, the patients correctly identified mean (95% confidence interval) 19.2 (14.1 to 24.2), 34.4
(32.2 to 36.6), and 31.7 (29.4 to 34.1) (p � 0.001). The difference between patients with pure
autonomic failure and those with multiple system atrophy or dopamine �-hydroxylase deficiency
persisted after adjustment for age (p � 0.001). Patients with pure autonomic failure also had a
greater orthostatic fall in blood pressure and lower plasma norepinephrine levels than patients
with multiple system atrophy.

Conclusions: Olfactory function was relatively intact in patients with dopamine �-hydroxylase
deficiency, who have intact noradrenergic neurons but lack norepinephrine. Odor identification
was impaired in pure autonomic failure but not in multiple system atrophy, suggesting that 1)
peripheral noradrenergic innervation is important for olfactory identification but norepinephrine is
not essential and 2) UPSIT may be useful in the differential diagnosis between these disorders.
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GLOSSARY
CI � confidence interval; DBHD � dopamine �-hydroxylase deficiency; DHPG � dihydroxyphenylglycol; MSA � multiple
system atrophy; PAF � pure autonomic failure; PD � Parkinson disease; UPSIT � University of Pennsylvania Smell Identifi-
cation Test.

Although pure autonomic failure (PAF) and multiple system atrophy (MSA) are both rare
autonomic disorders, MSA is more progressive and more rapidly fatal than PAF. A test able to
distinguish PAF from MSA would therefore be useful. While cardiac neuroimaging studies
may be an effective means to determine whether a patient has PAF or MSA,1,2 this procedure is
not readily available.3

The University of Pennsylvania Smell Identification Test (UPSIT) has been used in the
preclinical diagnosis of Parkinson disease (PD).4,5 Pathophysiologically, PD and PAF are part
of the same disease spectrum,6,7 and UPSIT scores are similarly reduced in patients with PAF
and PD.1 Correlation studies suggest that the UPSIT could be used as an alternative to neuro-
imaging in the differential diagnosis of MSA vs PD or PAF, although data on olfactory func-
tion in MSA are conflicting.8-10

The study of patients with autonomic disorders can improve our understanding of olfactory
function. The primary lesion in PAF is in the peripheral autonomic nervous system, whereas MSA is
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a central neurodegenerative disease, so impaired
smell in PAF but not in MSA would suggest
that peripheral noradrenergic innervation is im-
portant for olfactory identification. Patients
with dopamine �-hydroxylase deficiency
(DBHD) have intact central and peripheral
noradrenergic neurons, but their neurons release
dopamine instead of norepinephrine.11,12

DBHD can thus provide insight about the neu-
rotransmitters involved in odor identification.

This study assessed 1) whether olfactory
function, as measured by the UPSIT, differs
between patients with PAF and MSA and 2)
whether olfactory identification is affected by
the lack of norepinephrine in patients with
DBHD.

METHODS Standard protocol approvals and patient
consents. A total of 12 patients with PAF, 10 patients with
MSA, and 4 patients with DBHD were studied. Each gave writ-
ten informed consent prior to testing, and the protocol was ap-
proved by the Vanderbilt Institutional Review Board. One
additional patient with MSA and one additional patient with
PAF failed to complete the test protocol.

Study populations. We conducted a cross-sectional study in
which participants were recruited for UPSIT testing from pa-
tients evaluated in the Vanderbilt Autonomic Dysfunction Cen-
ter between 2004 and 2010. Following an overnight supine rest
and while fasted, supine and standing oscillometric brachial
blood pressures were measured and venous blood samples were
collected for fractionated catecholamines.13

Patients with PAF demonstrated impaired sympathetic and
parasympathetic function in standardized autonomic function
tests,14 recurring orthostatic hypotension, and reduced catechol-
amine levels, without cerebellar, striatal, pyramidal, or extrapyra-
midal dysfunction. Patients with MSA met the criteria for
probable MSA.15 Patients with DBHD described lifelong ortho-

static and exercise intolerance and demonstrated the characteris-
tic catecholamine pattern, with undetectable norepinephrine
and epinephrine and greatly elevated dopamine.16

Odor identification testing. The American-English version
of the UPSIT (Sensonics, Inc., Haddon Heights, NJ) was ap-
plied during inpatient evaluations in 8 participants (3 PAF, 2
MSA, and 3 DBHD) and mailed to the homes of the remaining
subjects. In addition to the absolute score (number of odors
identified correctly out of 40), an individual was assigned to a
category (normosmia; mild, moderate, or severe microsmia;
anosmia; or probable malingering) based on previously estab-
lished norms for gender and age.17 Inpatients were off medica-
tions while those who took the test at home remained on their
usual medications. Information regarding smoking history and
medication usage was obtained as part of the UPSIT test.

Statistical analyses. Data are expressed as mean (95% confi-
dence interval [CI]). Differences between patient groups were
assessed by the Kruskal-Wallis test (3 groups) or by the Mann-
Whitney U test (2 groups). To determine if the smell score was
associated with age in PAF and MSA, a regression analysis was
run with the UPSIT score as outcome variable and age and diag-
nosis as covariates. The �2 test was used for analysis of categorical
variables. Statistical analyses were carried out using the statistical
software SPSS for Windows, version 17.0 (SPSS Inc., Chicago,
IL). All tests were 2-sided and differences with p � 0.05 were
considered significant.

RESULTS Subject characteristics. All patients were
white, with the exception of one patient with PAF,
who was Hispanic. Patient groups were evenly mixed
by gender. Patients were diagnosed at a mean (95%
CI) age of 62.7 (56.5 to 68.8 years; PAF), 58.9 (52.3
to 65.4 years; MSA), and 19.2 (11.8 to 26.6 years;
DBHD; p � 0.005 by Kruskal Wallis; p � 0.275 for
MSA vs PAF by Mann-Whitney U test). Ages of pa-
tients with PAF and MSA were similar at the time of
evaluation (p � 0.176). All 3 patient groups experi-
enced profound orthostatic hypotension (table 1).
Plasma levels of norepinephrine and its intraneuronal

Table 1 Orthostatic blood pressure and catecholamine data for patientsa

Variable PAF MSA DBHD p
p (MSA
vs PAF)

No. 12 10 4

% Male 42 50 50 0.914 0.696

Disease duration, y 2.1 (0.2 to 3.9) 0.5 (�0.2 to 1.3) NA 0.133 0.157

Supine systolic BP, mm Hg 145 (134 to 156) 147 (137 to 157) 103 (84 to 123) 0.010 0.757

Upright systolic BP, mm Hg 68 (57 to 79) 92 (75 to 110) 43 (10 to 76) 0.005 0.017

Orthostatic delta systolic BP,
mm Hg

�77 (�91 to �63) �55 (�70 to �39) �53 (�53 to �53) 0.059 0.021

Supine norepinephrine, pg/mL 68 (43 to 93) 151 (88 to 213) 19 (�11 to 49) 0.001 0.003

Upright norepinephrine, pg/mL 111 (53 to 169) 260 (173 to 347) 28 (0 to 55) 0.001 0.006

Supine DHPG, pg/mL 650 (490 to 810) 1,050 (705 to 1,394) 14 (�7 to 36) 0.002 0.018

Upright DHPG, pg/mL 713 (558 to 869) 1,337 (797 to 1,877) 15 (�8 to 38) 0.001 0.010

Abbreviations: BP � blood pressure; DBHD � dopamine �-hydroxylase deficiency; DHPG � dihydroxyphenylglycol; MSA �

multiple system atrophy; PAF � pure autonomic failure.
a Data are presented as mean (95% confidence interval).
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metabolite, dihydroxyphenylglycol (DHPG), were
highest in patients with MSA and consistent with
diagnostic criteria.

Results of UPSIT. Results of UPSIT are shown in
table 2. Patients with PAF had lower UPSIT scores
(mean score of 19.2 [14.1 to 24.2]) than patients
with MSA (34.4 [32.2 to 36.6]; p � 0.001) and pa-
tients with DBHD (31.7 [29.4 to 34.1]; p � 0.015)
(figure 1). The differences between patients with
PAF and those with MSA or DBHD persisted after
adjustment for age (p � 0.001). Ten of 12 (83%)
patients with PAF were severely microsmic or anos-
mic (figure 2); in contrast, olfactory function was
normal in 70% of the patients with MSA. Three of
the 4 patients with DBHD had mild microsmia and
one had moderate microsmia.

Approximately 75% of patients with MSA and
patients with PAF were treated with fludrocortisone
or midodrine. UPSIT scores were not different for
treated (18.3 [11.4 to 25.2]) and untreated (21.7
[13.7 to 29.6]; p � 0.354) patients with PAF.

DISCUSSION The key findings of this study are as
follows: 1) olfactory function was relatively unaf-
fected in patients with DBHD, who have intact nor-
adrenergic neurons but are unable to synthesize or
release norepinephrine from those neurons; 2) odor
identification was comparatively normal in MSA, de-
spite loss of central neural pathways; and 3) olfactory
function was clearly impaired in patients with PAF
who have peripheral neuronal degeneration. These
findings suggest that the UPSIT may therefore be
useful in the differential diagnosis between MSA and
PAF. The results from patients with DBHD suggest
that the defect in PAF is not related to a peripheral
deficiency of norepinephrine.

The etiology of olfactory dysfunction in neurode-
generative diseases has not been determined. The

Table 2 UPSIT test resultsa

Variable PAF MSA DBHD p
p (MSA
vs PAF)

Age at UPSIT, y 67.2 (61.5 to 72.9) 60.5 (54.1 to 66.9) 22.4 (11.2 to 33.6) 0.003 0.105

% Never smoked 73 70 75 0.980 0.890

UPSIT mean 19.2 (14.1 to 24.2) 34.4 (32.2 to 36.6) 31.7 (29.4 to 34.1) �0.001 �0.001

Severe microsmia or anosmia, % 83 0 0 �0.001 �0.001

Abbreviations: DBHD � dopamine �-hydroxylase deficiency; MSA � multiple system atrophy; PAF � pure autonomic fail-
ure; UPSIT � University of Pennsylvania Smell Identification Test.
a Data are presented as mean (95% confidence interval).

Figure 1 University of Pennsylvania Smell
Identification Test (UPSIT) scores

Individual scores (no. correctly identified of 40) from the
UPSIT in patients with pure autonomic failure (PAF, black),
multiple system atrophy (MSA, white), and dopamine
�-hydroxylase deficiency (DBHD, gray). Horizontal bars indi-
cate group mean values � SEM. Mean score for PAF was sig-
nificantly lower than for MSA (p � 0.001) and for DBHD (p �

0.015).

Figure 2 Number of patients in
olfactory categories

Number of patients with pure autonomic failure (PAF, black)
and multiple system atrophy (MSA, white) in olfactory cate-
gories based on age- and gender-adjusted normative data.
Note that 9 of 10 patients with MSA had normal olfactory
function or mild microsmia, whereas 10 of 12 patients with
PAF were anosmic or had severe microsmia.
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odor identification pathway transmits signals from
olfactory receptors in the nasal epithelium, to the mi-
tral cells in the olfactory bulb, and via the olfactory
tract to the amygdala and cortical areas.

Although the autonomic nervous system may af-
fect the function of the olfactory receptors, by mod-
ulating the composition of the mucous secretion in
the nasal passages,18 the relatively normal UPSIT
scores for MSA and DBHD are inconsistent with
impaired olfactory receptor function secondary to
autonomic impairment.

Abundant evidence supports a role for dopamine
in odor detection19,20 and odor discrimination,21-23

although the specific dopamine receptors and their
location in the olfactory pathway remain unclear. Ol-
factory dysfunction in PD has been attributed to do-
paminergic denervation because deficits in both
olfactory function and dopaminergic neurons can
develop 2 to 7 years prior to the diagnosis of PD24,25

and because inverse correlations are found between
UPSIT scores and measures of dopaminergic defi-
ciency in the striatum2,5 and in the hippocampus, a
structure involved in higher order processing of odor
identification.26 In contrast to this dopaminergic hy-
pothesis for olfactory impairment in PD, olfactory
function is normal in animal models of PD and in
patients with MPTP-induced parkinsonism despite a
dopaminergic deficit.27 Olfactory function also does
not seem to deteriorate as PD progresses and does
not respond to dopaminergic medication.4 Finally,
patients with PD and patients with MSA may have
similar degrees of dopaminergic denervation,2 de-
spite the superior olfactory function in MSA.9

The olfactory bulb and several cortical areas in-
volved in olfactory processing are innervated by nor-
adrenergic afferents.28,29 Goldstein and Sewell1

proposed that the documented loss of noradrenergic
terminals in the heart in PAF and PD may also be
reflected in the olfactory bulb and contribute to ol-
factory dysfunction.

Little information is available on norepinephrine
levels in olfactory centers in PD, PAF, or other neurode-
generative diseases,1 but they certainly cannot be lower
than in DBHD, in which norepinephrine is undetect-
able due to the congenital absence of the DBH enzyme
required for its synthesis. Patients with DBHD demon-
strated preserved odor identification, which suggests
that a norepinephrine deficit does not underlie im-
paired olfactory function in PD and PAF. It is also pos-
sible that patients with DBHD have developed some
compensatory mechanism for modulating olfactory sig-
nals in the olfactory bulb. Interestingly, rats treated with
an intrabulbar injection of 6-hydroxydopamine lack
bulbar norepinephrine but retain dopamine and re-
spond normally in odor detection tests.30

Neurons that degenerate in PD contain Lewy bod-
ies, abnormal aggregates of �-synuclein, and other pro-
teins. The deposition of Lewy bodies in PD in the
olfactory bulb and the brainstem occurs early and then
progresses to the midbrain, limbic system, and cortex.31

PAF and MSA are also �-synucleinopathies involving
neuronal Lewy bodies in PAF and glial inclusions in
MSA. Neuronal degeneration in olfactory areas in PD
and PAF could be related to synuclein deposition in
those areas. The relatively normal olfactory function in
patients with MSA suggests that hyposmia may relate to
the specific pathology of Lewy bodies rather than to
synuclein in general.1

Age, gender, and smoking experience did not ap-
pear to influence our findings. Olfactory function
declines with aging, and is inferior in males,18,32 but
our patients with PAF and patients with MSA were
similar in age and gender. Furthermore, group differ-
ences in odor identification remain even if UPSIT
scores were normalized by age and gender. The pro-
portion of individuals with a history of smoking was
also similar in the 3 patient groups.

The effects of fludrocortisone and midodrine on
olfactory function are unknown. Since they were
used by a similar percentage of both PAF and MSA
patient groups, and UPSIT scores were similar for
patients with PAF, regardless of medication, the use
of fludrocortisone and midodrine did not appear to
influence UPSIT score.

Even though we cannot be certain that the differ-
ences in olfactory function reported here would be
apparent in earlier stages of disease, our results sug-
gest that UPSIT is useful in differentiating between
PAF and MSA. In particular, the presence of severe
microsmia or anosmia is indicative of PAF, and sug-
gests that noradrenergic innervation is important for
olfactory function. In contrast, olfactory function is
preserved in patients with intact dopamine, but con-
genital absence of norepinephrine.

There are some limitations to our study. The
number of patients studied was limited by the fact
that these are rare disorders. Future larger studies are
needed to confirm our findings and to assess the nat-
ural history of olfactory impairment in PAF.

AUTHOR CONTRIBUTIONS
Statistical analysis was conducted by Dr. Emily M. Garland.

ACKNOWLEDGMENT
The authors thank the professional staff of the Vanderbilt Autonomic

Dysfunction Center and the Vanderbilt Clinical Research Center, as well

as the study participants.

DISCLOSURE
Dr. Garland reports no disclosures. Dr. Raj serves on the editorial board

of Autonomic Neurosciences: Basic & Clinical and receives research support

from the NIH (NCRR, NHLBI, and NINDS). Dr. Peltier receives re-

Neurology 76 February 1, 2011 459



search support from the NIH. Dr. Robertson serves on the editorial

boards of Clinical Autonomic Research, Chinese Medical Journal Mai-

monides, and APOR Newsletter Spotlight on Rare Diseases; receives royalties

from the publication of Primer on the Autonomic Nervous System (Aca-

demic Press, 2004) and Clinical and Translational Science: Introduction to

Human Research (Academic Press, 2009); and receives research support

from the NIH. Dr. Biaggioni receives research support from the NIH.

Received May 13, 2010. Accepted in final form September 30, 2010.

REFERENCES
1. Goldstein DS, Sewell L. Olfactory dysfunction in pure au-

tonomic failure: implications for the pathogenesis of Lewy
body diseases. Parkinsonism Relat Disord 2009;15:516–
520.

2. Goldstein DS, Holmes C, Bentho O, et al. Biomarkers to
detect central dopamine deficiency and distinguish Parkin-
son disease from multiple system atrophy. Parkinsonism
Relat Disord 2008;14:600–607.

3. Goldstein DS, Sewell L, Holmes C. Association of anos-
mia with autonomic failure in Parkinson disease. Neurol-
ogy 2010;74:245–251.

4. Doty RL, Deems DA, Stellar S. Olfactory dysfunction in
parkinsonism: a general deficit unrelated to neurologic
signs, disease stage, or disease duration. Neurology 1988;
38:1237–1244.

5. Bohnen NI, Gedela S, Kuwabara H, et al. Selective hypos-
mia and nigrostriatal dopaminergic denervation in Parkin-
son’s disease. J Neurol 2007;254:84–90.

6. Kaufmann H. Primary autonomic failure: three clinical
presentations of one disease? Ann Intern Med 2000;133:
382–384.

7. Goldstein DS, Holmes C, Sato T, et al. Central dopamine
deficiency in pure autonomic failure. Clin Auton Res
2008;18:58–65.

8. Nee LE, Scott J, Polinsky RJ. Olfactory dysfunction in the
Shy-Drager syndrome. Clin Auton Res 1993;3:281–282.

9. Wenning GK, Shephard B, Hawkes C, Petruckevitch A,
Lees A, Quinn N. Olfactory function in atypical parkinso-
nian syndromes. Acta Neurol Scand 1995;91:247–250.

10. Silveira-Moriyama L, Mathias C, Mason L, Best C, Quinn
NP, Lees AJ. Hyposmia in pure autonomic failure. Neu-
rology 2009;72:1677–1681.

11. Man in ’t Veld AJ, Boomsma F, Moleman P, Schalekamp
MA. Congenital dopamine-�-hydroxylase deficiency: a
novel orthostatic syndrome. Lancet 1987;1:183–187.

12. Robertson D, Goldberg MR, Hollister AS, et al. Isolated
failure of autonomic noradrenergic neurotransmission: ev-
idence for impaired beta-hydroxylation of dopamine.
N Engl J Med 1986;314:1494–1497.

13. Eisenhofer G, Goldstein DS, Stull R, et al. Simultaneous
liquid-chromatographic determination of 3,4-
dihydroxyphenylglycol, catecholamines, and 3,4-
dihydroxyphenylalanine in plasma, and their responses to
inhibition of monoamine oxidase. Clin Chem 1986;32:
2030–2033.

14. Mosqueda-Garcia R. Evaluation of autonomic failure. In:
Robertson D, Biaggioni I, eds. Disorders of the Auto-
nomic Nervous System. London: Harwood Academic
Press; 1995:25–59.

15. Gilman S, Wenning GK, Low PA, et al. Second consensus
statement on the diagnosis of multiple system atrophy.
Neurology 2008;71:670–676.

16. Robertson D, Garland EM. Dopamine �-hydroxylase de-

ficiency. In: Pagon RA, Bird TC, Dolan CR, Stephens K,

editors. GeneReviews [Internet]. Seattle, WA: University

of Washington, Seattle; 1993-. 2003 Sep 4 [updated 2010

Sep 16]. PMID: 20301647.

17. Doty RL. The Smell Identification Test™ Administration

Manual. Haddon Heights, NJ: Sensonics, Inc.; 1995.

18. Lafreniere D, Mann N. Anosmia: loss of smell in the el-

derly. Otolaryngol Clin North Am 2009;42:123–131.

19. Doty RL, Li C, Bagla R, et al. SKF 38393 enhances odor

detection performance. Psychopharmacology 1998;136:

75–82.

20. Doty RL, Risser JM. Influence of the D-2 dopamine re-

ceptor agonist quinpirole on the odor detection perfor-

mance of rats before and after spiperone administration.

Psychopharmacology 1989;98:310–315.

21. Tillerson JL, Caudle WM, Parent JM, Gong C, Schallert

T, Miller GW. Olfactory discrimination deficits in mice

lacking the dopamine transporter or the D2 dopamine re-

ceptor. Behav Brain Res 2006;172:97–105.

22. Pavlis M, Feretti C, Levy A, Gupta N, Linster C. l-DOPA

improves odor discrimination learning in rats. Physiol Be-

hav 2006;87:109–113.

23. Yue EL, Cleland TA, Pavlis M, Linster C. Opposing ef-

fects of D1 and D2 receptor activation on odor discrimina-

tion learning. Behav Neurosci 2004;118:184–190.

24. Ponsen MM, Stoffers D, Booij J, van Eck-Smit BL,

Wolters EC, Berendse HW. Idiopathic hyposmia as a pre-

clinical sign of Parkinson’s disease. Ann Neurol 2004;56:

173–181.

25. Berendse HW, Booij J, Francot CM, et al. Subclinical do-

paminergic dysfunction in asymptomatic Parkinson’s dis-

ease patients’ relatives with a decreased sense of smell. Ann

Neurol 2001;50:34–41.

26. Bohnen NI, Gedela S, Herath P, Constantine GM, Moore

RY. Selective hyposmia in Parkinson disease: association

with hippocampal dopamine activity. Neurosci Lett 2008;

447:12–16.

27. Doty RL, Singh A, Tetrud J, Langston JW. Lack of major

olfactory dysfunction in MPTP-induced parkinsonism.

Ann Neurol 1992;32:97–100.

28. Veyrac A, Nguyen V, Marien M, Didier A, Jourdan F.

Noradrenergic control of odor recognition in a nonassocia-

tive olfactory learning task in the mouse. Learn Mem

2007;14:847–854.

29. Doucette W, Milder J, Restrepo D. Adrenergic modula-

tion of olfactory bulb circuitry affects odor discrimination.

Learn Mem 2007;14:539–547.

30. Doty RL, Ferguson-Segall M, Lucki I, Kreider M. Effects

of intrabulbar injections of 6-hydroxydopamine on ethyl

acetate odor detection in castrate and non-castrate male

rats. Brain Res 1988;444:95–103.

31. Braak H, Rub U, Gai WP, Del TK. Idiopathic Parkinson’s

disease: possible routes by which vulnerable neuronal types

may be subject to neuroinvasion by an unknown patho-

gen. J Neural Transm 2003;110:517–536.

32. Doty RL, Shaman P, Dann M. Development of the Uni-

versity of Pennsylvania Smell Identification Test: a stan-

dardized microencapsulated test of olfactory function.

Physiol Behav 1984;32:489–502.

460 Neurology 76 February 1, 2011


